Stearoyl-CoA desaturases (SCD) are endoplasmic reticulum (ER) associated enzymes that 26 catalyze the synthesis of the monounsaturated fatty acids (MUFAs). As such, SCD play important 27 roles in maintaining the intracellular balance between saturated fatty acid (SFAs) and MUFAs. 28 The roles of SCD in CD4 + T helper cell responses are currently unexplored. Here, we have found 29 that murine and human follicular helper T (T FH ) cells express higher levels of SCD1 compared to 30 non-T FH cells. Further, the expression of SCD1 in T FH cells is dependent on the T FH lineage-31 specification transcription factor BCL6. We found that the inhibition of SCD1 impaired T FH cell 32 maintenance and shifted the balance between T FH and follicular regulatory T (T FR ) cells in the 33 spleen. Consequently, SCD1 inhibition dampened germinal center B cell responses following 34 influenza immunization. Mechanistically, we found that SCD inhibition led to increased ER stress 35 and enhanced T FH cell apoptosis in vitro and in vivo. These results reveal a possible link between 36 fatty acid metabolism and cellular and humoral responses induced by immunization or potentially, 37 autoimmunity. 38 39 40 41 42 43 44 45 46 47 48
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Introduction
Follicular helper T (T FH ) cells are specialized effector CD4 T helper cells that promote the
To probe the underlying mechanism, we examined T cell apoptosis following SCD inhibitor 166 treatment. At day 8 post X31 immunization, active caspase 3/7 activities in T FH cells following 167 SCD1 inhibitor treatment were similar to vehicle (DMSO) treated group. However, at day 14 post 168 immunization, caspase 3/7 activities were significantly higher in T FH cells following SCD 169 inhibition compared to DMSO-treated group (Fig. 5A ). In vitro cell apoptosis was significantly 170 enhanced following SCD inhibitor treatment in a dose dependent manner under Tfh polarizing 171 conditions ( Fig. 5B ). Taken together, these data demonstrate that SCD activity promotes T FH cell 172 viability. A recent study demonstrated excessive accumulation of SFAs following SCD inhibition 173 promotes endoplasmic reticulum (ER) stress-related cell apoptosis (22) . Thus, we examined 174 whether SCD inhibition promoted the expression of ER stress-related genes. The expression of 175 activating transcription factor (Atf) 4 and Atf3 were increased in CD4 + T cells following SCD1 176 inhibition ( Fig. 4C ). Furthermore, the expression of multiple ER stress-related genes including 177 Atf4, Atf3, Perk and sXbp1 were down-regulated in CD4 + T cells transduced with SCD1-expressing 178 retroviruses ( Fig. 5D ). Thus, these results suggest that SCD promote T FH cell survival via the 179 regulation of ER stress genes. 181 To identify whether SCD expression contributes cell-intrinsic maintenance of T FH cells, we 182 transduced WT OTII cells with control or SCD1-overexpressing retroviruses. We then adoptively 183 transferred the OT-II cells into CD45.1 congenic mice and infected the mice with X31-OTII virus 184 ( Fig. 6A ). We found that there were higher levels of T FH cells in SCD1 transduced OTII cells 185 compared to those of control virus transduced cells ( Fig. 5B ). These data indicate that SCD1 186 overexpression in OTII cells promotes T FH cell in a cell intrinsic manner. 
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Enhanced Scd1 expression promotes T FH responses in vivo
Discussion
In this report, we show that human and murine T FH cells exhibit higher levels of the lipogenic gene 
